Classical segregation analysis was conducted on 605 families of probands with colorectal carcinoma ascertained through the Cancer Registry of the Province of Modena in Italy. The families were classified as 28 suspected hereditary non-polyposis colorectal cancer (HNPCC) syndromes and 577 presumed non-HNPCC. In 11 of these, both parents had colorectal carcinoma, in 130 one parent was affected, and in 436 both parents were normal. In the suspected HNPCC families, segregation was compatible with dominant transmission of susceptibility to carcinoma. In families with one parent affected, the segregation frequency was almost exactly equal to the frequency of segregation in families where both parents were normal. The model of dominant transmission of susceptibility through a major gene with greatly reduced penetrance in heterozygotes fitted the data acceptably.
The contribution of heritable factors to the pathogenesis of large bowel neoplasms has been extensively investigated but, with the exception of a few well defined conditions, is not clearly understood. There is no doubt that adenomatosis coli and related syndromes show features of autosomal dominant transmission. [1] [2] [3] [4] [5] A similar mendelian (autosomal dominant) basis has been described for hereditary nonpolyposis colorectal cancer (HNPCC).67
Besides these well characterised syndromes, familial aggregates of colorectal (and other) tumours have frequently been reported and usually attributed to polygenic inheritance.>'0 In a recent investigation, Lynch et al suggested that about 5% of all colon cancers might be the result of hereditary monogenic factors, approximately 10 to 15% could be attributed to polygenic inheritance, and that the remainder had to be considered truly sporadic cases." 2 Although partially confirmed by other authors, these views have recently been challenged by Burt et all' and CannonAlbright et al. '4 In a recent review on colon cancer genetics, Veale" suggested that one of the most appropriate ways to obtain more information on this subject was to carry out population based studies in centres with cancer registries.
This kind of approach has been possible in Modena, Italy, where a Colorectal Cancer Materials and methods
PATIENTS
The study was carried out in the province of Modena in Italy on patients listed in the CCR of the Local Health District 16 during the period 1984 to 1988. The general organisation of the CCR has previously been described in detail. '6 18 The Health Care District 16 includes Modena and 10 smaller centres comprising a total of 263 546 inhabitants (127 026 males, 136 520 females, census 1981). Patients with colorectal cancer (proven by biopsy in 93-5% of cases) or their close relatives or both were interviewed during admission to hospital in one centre. The patient was considered as the proband or index case. Besides personal, clinical, and pathological data, an accurate pedigree was traced for each patient and the main causes of morbidity and mortality among first degree relatives were recorded.
The group under study comprised 677 patients registered for colorectal cancer between 1984 and 1988. Annual incidence rates ranged between 51-4 and 53-5 cases per 100 000 inhabitants per year. Six hundred and five out of the 677 patients (89-4%) gave detailed information on cancer occurrence among first degree relatives, but 72 were excluded because of poor clinical history, refusal to collaborate, or death within a few days of admission to hospital (which prevented an accurate definition of the pedigree). Thus, segregation analysis was carried out in 605 sibships with 873 affected subjects, that is, 605 probands plus 168 sibs with cancer.
One of the main drawbacks of the study was the inability to verify, by death certificates or clinical charts, all the diagnoses of cancer in relatives; in the 41% of those in whom it was possible, however, good agreement was found between information taken by the interviewers and the data recorded in official certificates. 17 Since the study was limited to first degree relatives, as suggested by other authors, we believe that bias owing to inability to verify all cancer diagnoses should be low. '9 To summarise, at the end of 1988 we had 605 families with at least one subject affected by colorectal cancer and information concerning tumour status (colorectal or other cancer) of first degree family members.
COMPLETENESS OF REGISTRATION
Overregistration of cases seems improbable in our study since (1) we gathered a relatively small number of patients and (2) the study was limited to the large bowel. Underregistration is more difficult to evaluate and to control. Incomplete reporting of cases, inaccuracy of diagnosis, and referral of patients to medical units outside the district are the commonest causes of loss of cases. In our opinion, underregistration was negligible because (1) the incidence of colorectal cancer in 1984 to 1988 was actually higher than that expected on the basis of previous reports from other Italian cancer registries,2022 and (2) mortality/incidence ratio (one of the most accurate indicators of quality control in cancer registration) was 0-7, a value in keeping with previous observations.2 22 PUTATIVE HNPCC SYNDROMES From our study group we selected 28 families with suspected HNPCC using the following criteria: (1) vertical transmission for at least two generations; (2) presence of two or more family members affected by colorectal cancer besides the proband; (3) early onset of cancer in the proband or in at least one family member; (4) frequent location of cancer in the right colon (caecum, ascending, transverse, and flexures) either in the probands or in their first degree relatives. These criteria closely correspond to those of the International Collaborative Group on HNPCC. 23 The HNPCC families were analysed separately, since their mode of selection may bias the segregation frequency toward dominance. However, a discontinuity between the HNPCC and other colonic cancers seems to exist, since the proportion we found was the same as that found by other authors.
SUMMARY OF ASCERTAINMENT
In conclusion, the probability that any patient with colorectal cancer in the province of Modena in 1984 to 1988 escaped inclusion in the sample seems low. Therefore, we believe that our sampling of families was not far from truncate selection, even if a minority (10-6%) of the registered patients could not be assessed.
Segregation analysis
The two sets of data, those concerning the 577 families without evidence of HNPCC and the 28 families with probable HNPCC, were analysed first jointly and then separately, since dominant transmission with high penetrance is well documented for HNPCC.671112 Our strategy was as follows. First, we separated the families, irrespective of the type of tumour observed, into three groups: (1) both parents normal, (2) one parent affected, and (3) both affected. When both parents are normal, the hypothesis based on recessivity is that the progeny is the issue of an intercross; when one is affected, the hypothesis is that the progeny issued from a backcross. When both are affected, all the progeny are expected to be affected under recessive transmission and 75% under dominant transmission, assuming that the frequency of dominant homozygotes is negligible. Therefore, under the recessive model, we classified the families as putative intercrosses (444) and putative backcrosses (144). These have to be analysed separately, since the segregation frequency is expected to be two times larger in backcrosses than in intercrosses. In the small group of 17 families in which both parents were affected, there were 21 of 57 sibs affected with cancer, of whom 18 were affected with colorectal cancer.
For the analysis, we used the following distributions24 for the expectation of families of size s with only one affected sib (simplex families) (1) and with more than one affected (multiplex families) (2) .
where r is the number of affected, a the number of probands, p the frequency of segregation, x the frequency of sporadic cases, and x the probability of ascertainment.
For the distribution of the number of affected (r) in multiplex families of size s we used the following distribution: The reduced penetrance might result from any number of factors which could affect the expression of the major gene. Therefore, it seems appropriate to test for the multifactorial model as well.
According to Edwards,25 the expected segregation frequency for polygenic traits is the square root of the population incidence. The incidence of cancer of any type is strongly dependent on age, so the cumulative incidence is likely to increase with age. However, at any 6 1 436 phenotype (eight families) this again means that in one carrier parent the gene has been non-penetrant. Since there are 14 families out of 22 (six families with both parents affected) in which one parent is affected, the a priori penetrance is 64%, and, because of the limited number of families classified as suspected HNPCC syndromes, we felt it appropriate to test for dominant inheritance in the whole set, by correcting for the contribution of the families with both parents affected using a weighted estimate of p = (6*0.75 + 22*0.5)/ 28) = 0 5536 as the segregation frequency.
The hypothesis of dominance with complete penetrance, when all tumours are taken into consideration in the sibship, fits well with the observed segregation (table 5A) In the present investigation, we used a From the practical point of view, the recurrence risk to sibs is in the order of 5% if both parents are normal, and does not increase significantly when one parent is affected. One should be cautious, however, when interpreting these results. Although 'classical' HNPCC can be easily recognised and analysed separately, it is possible that other cases of this syndrome escape detection, especially because of the small size of several families and the variable expression of the features associated with the syndrome. We cannot exclude, therefore, that the estimated segregation frequency in tables 3 and 4 might be somewhat inflated by the presence of undetected HNPCC families.
The possible genetic basis of virtually all cases of colorectal cancer does not exclude the role of environmental factors in the pathogenesis of the disease. Thus, there is no doubt that factors like diet, Western style of life, job activity, inflammatory bowel diseases, and many other conditions are epidemiologically related to colorectal cancer. 1-330 Because of the complex interaction between environmental and genetic factors,3' we can assume that the genetic background determines which subjects in the general population are prone to develop colorectal cancer; subsequently, over the course of many years, epigenetic (mostly environmental) factors may interact with genes in susceptible persons determining the fraction who will become affected.
The histogenesis of colorectal cancer has often been interpreted as a multistep sequence. According to this hypothesis the first abnormality seems to be a hyperproliferative state of the colorectal mucosa, characterised by an expansion of the cytoproliferative zone from the lower to the upper portions of the intestinal [32] [33] [34] crypts. -Further events are the budding of small adenomas and their subsequent growth to large polyps; eventually, part of these adenomas degenerate into malignant tumours. 35 Recently it has been suggested that the various steps of colorectal tumour formation might be the consequence of the accumulation of genetic changes involving both oncogenes and tumour suppressor genes.36 Point muta tions of K-ras, hypomethylation of DNA, and allelic losses in chromosome 5 appear to be early events associated with the induction of cell hyperproliferation and the appearance of small (less than 10 mm) adenomas. On the other hand, deletions of chromosomes 17 or 18 or of other chromosomes seem to represent late events mainly involved in the progression of large adenomas to infiltrating carcinomas. This sequence of events at the somatic cell level, in particular deletion of suppressors, is not in conflict with a dominant genetic basis for the resulting neoplasms.
Our data indicate the presence of a major gene for susceptibility. We realise, however, that our ignorance of the residual set of factors influencing its expression is measured by the level of non-penetrance, namely 89-6%.
Further studies are needed to extend our observations, to investigate any other possible modes of inheritance, and to explore in more detail the complex interaction between environment and genetics in the pathogenesis of colorectal cancer.
